► There is limited literature on effective interventions to prevent violence against adolescents in low-income and middle-income countries, where the burden of maltreatment is highest. ► An increasing body of evidence suggests that parenting programmes effectively reduce parental abuse, but very little is known about their cost or cost-effectiveness in low-resource settings.
What are the new findings?
► A non-commercialised programme offered by Parenting for Lifelong Health can be implemented at a cost per family that is substantially lower than comparable programmes in high-income countries, while maintaining effectiveness across a broad range of outcomes. ► Based on the cost per incident of abuse prevented, and estimated cost per disability-adjusted life year averted, the programme is cost-effective in comparison with existing violence prevention programmes in South Africa and thresholds based on GDP per capita. ► Given the high economic burden of abuse, the intervention is likely to be cost-saving, especially if run at scale.
What do the new findings imply?
► Parenting programmes are a cost-effective intervention for the prevention of abuse in low-resource settings, but more research in different contexts is critical.
AbsTrACT
Introduction This paper presents the costs and costeffectiveness of 'Parenting for Lifelong Health: Sinovuyo Teen', a non-commercialised parenting programme aimed at preventing violence against adolescents in low-income and middle-income countries.
Methods The effectiveness of Sinovuyo Teen was evaluated with a cluster randomised controlled trial in 40 villages and peri-urban townships in the Eastern Cape of South Africa from 2015 to 2016. The costs of implementation were calculated retrospectively and models of costs at scale estimated, from the perspective of the programme provider. Cost-effectiveness analysis considers both the cost per incident of abuse averted, and cost per disability-adjusted life year averted. Potential economic benefits from the societal perspective were estimated by developing a framework of possible savings. results The total implementation cost for Sinovuyo Teen over the duration of the trial was US$135 954, or US$504 per family enrolled. Among the 270 families in the treatment group, an estimated 73 incidents of physical and emotional abuse were averted (95% CI 29 to 118 incidents averted). During the trial, the total cost per incident of physical or emotional abuse averted was US$1837, which is likely to decrease to approximately US$972 if implemented at scale. By comparison, the economic benefits of averting abuse in South Africa are large with an estimated lifetime saving of US$2724 minimum per case. Conclusion Parenting programmes are a cost-effective intervention to prevent the abuse of adolescents by their caregivers in South Africa, when compared with existing violence prevention programmes and cost-effectiveness thresholds based on GDP per capita.
bACKground A recent systematic review using data from 96 countries found that approximately 1 billion children globally experience some form of violence each year. 1 Exposure to violence during childhood and adolescence is associated with serious long-term consequences. Abused individuals are at significantly higher risk of developing long-term depressive disorders, anxiety and suicidal behaviour, 2 3 as well as childhood behavioural problems and subsequent conduct disorders. 4 Physical abuse increases the risk of future alcoholism and substance abuse, particularly in men. 4 All forms of abuse, not just sexual, are associated with an increased risk of contracting sexually transmitted infections (including HIV) and with risky sexual behaviour, 4 along with other long-term physical health outcomes. 3 4 Additionally, there is evidence of intergenerational BMJ Global Health continuity; the victims of abuse are at increased risk of becoming perpetrators in later life, continuing the cycle of violence through the generations. 5 6 As a result of these long-term health and social impacts, the economic impact of violence against children and adolescents globally is substantial. While accurate prevalence data are missing for many countries, the cost of abuse worldwide has been estimated to fall within the range of US$1953 billion to US$7116 billion (or between 2% and 8% of global GDP). 7 The burden of child and adolescent maltreatment is heaviest in low-income and middle-income countries (LMICs) where the prevalence of violence against children is higher 8 9 and 95% of deaths due to childhood injuries occur. 10 In South Africa, a recent nationally representative study found that 34.8% of adolescents aged 15 to 17 had experienced physical abuse in their life, 16.1% had experienced emotional abuse, 12.2% neglect, and 19.8% sexual abuse. 11 A study by Save the Children of the economic value of violence against children in South Africa estimates the cost of abuse in 2015 alone was ZAR 202 billion, the equivalent to 5.1% of its GDP. 12 This is in comparison with similar studies in the USA, 13 Germany 14 and Australia, 15 which estimate the costs as 1%, 0.45%-1.2% and 1.2% of GDP, respectively.
Given the high prevalence, wide-ranging negative impacts and economic burden of violence against children, there is a strong case for investing in affordable and effective preventative programmes. For over a decade, WHO has had a dedicated call for action to gather better evidence on how to successfully prevent child maltreatment. 16 In high-income countries (HICs), an increasing body of literature demonstrates that parenting programmes can effectively prevent child maltreatment. A recent meta-analysis of the topic found an 11% reduction in abusive behaviour among caregivers receiving programmes in the USA and Canada. 17 However, there is a clear evidence gap in LMICs.
Two recent systematic reviews looking specifically for evidence from parenting programmes in LMICs noted that while the body of evidence is growing, the vast majority of studies focus on very young children and do not look specifically at child maltreatment. 18 19 Subsequent to these reviews, since 2013, the results of three randomised controlled trials (RCTs) of parenting interventions in Thailand 20 (in adolescents), Liberia 21 and Panama 22 (both in younger children) have been published. Overall, they found significant improvements in parent-child interactions and child behaviour, and reductions in harsh parenting among families receiving the interventions. This supports the notion that parenting programmes can be appropriately culturally adapted and can be effective in low-resource settings. However, this is still a field without sufficient high-quality research across different contexts and age groups.
In HICs, a number of studies on the cost-effectiveness of parenting programmes have been published. 23 24 Even with high costs of delivery, several modelling studies have demonstrated that over the long term, such programmes become cost-saving from a societal perspective, mostly due to the high savings that can be made by reductions in risk of future health problems and delinquency. [25] [26] [27] However, the costs of running such programmes in the UK, USA and Australia is higher than the per-capita budgetary health allocation in many LMICs. 8 The importance of detailed costing and modelling of the cost-effectiveness of parenting programmes in LMICs has been highlighted as an area of priority for future research. 8 To date, only one working paper on the economics of parenting training in LMICS has been published, giving the cost of running two small-scale pilots of parenting programmes, in Liberia and Thailand. 28 They have demonstrated that it is possible to run such programmes at a considerably lower cost (US$650-900 per beneficiary) while maintaining their effect. More studies on this topic are clearly required.
This paper presents a retrospective costing and cost-effectiveness analysis of a parenting programme for the prevention of abuse among adolescents in South Africa, using data from a pragmatic cluster RCT of the intervention. The parenting intervention resulted in statistically significant reductions in physical and emotional abuse, along with significant improvement across a number of secondary outcomes. Full results of the Sinovuyo parenting programme (including effects on secondary outcomes) are presented in Cluver et al. 29 
MeTHods
Programme implementation 'Sinovuyo Teen' is a group-based parenting programme attended by adolescents (aged [10] [11] [12] [13] [14] [15] [16] [17] [18] and their caregivers, developed as part of the WHO/Unicef 'Parenting for Lifelong Health' initiative, aimed at developing an evidencebased, non-commercialised programme to improve parenting practices and prevent child maltreatment risk in low-resource settings. The programme consists of 14 weekly sessions that are run by non-professional, local, trained facilitators. The programme was developed using the best evidence in parenting practices in HICs and adapted for the South African context. The manual is offered for free with the aim that it can be implemented, at scale, at low cost (the programme manuals are freely available at WHO website: http://www. who. int/ violence_ injury_ prevention/ violence/ child/ PLH-manuals/ en/). The programme was implemented independently of the research team by a local NGO, Clowns Without Borders South Africa.
Trial implementation
Two pilots in 2013 (n=60) 30 and 2014 (n=230) 31 demonstrated positive results leading to a cluster RCT of the programme from January 2015 to April 2016. A total of 551 caregiver-teen dyads (1102 individuals) were recruited across 40 villages and townships in a rural/ peri-urban municipality in the Eastern Cape. High-risk BMJ Global Health families were identified through schools, social workers and chieftains (local traditional leaders) as well as through community recommendation, and approached for their informed consent. Randomisation of clusters into 20 treatment and 20 control groups was carried out by a blinded statistician. The control group received a brief handwashing programme focused on hygiene and safe water conservation, delivered in 1-day drama-based workshops by the same facilitators. Data collection involved baseline questionnaires for both the caregiver and teen before the programme implementation, a short questionnaire immediately following implementation and full follow-up questionnaires 5-9 months after implementation. Questionnaires were translated into the local language (Xhosa), back translated to ensure accuracy and answered on mobile tablets by participants, supported by local, trained research assistants. The full trial protocol has been published elsewhere. 32 
Programme costs
The costs of implementation of 'Sinovuyo Teen' during the trial were calculated retrospectively from the perspective of the provider, NGO Clowns Without Borders, using accounting records and monitoring data. The costs are divided into three principal categories: (1) Set-up costs, which includes costs required to prepare for implementation (ie, for community liaision and participant recruitment) and facilitator training. The manual had been fully developed prior to the trial, so no programme development costs were incurred; (2) Programme delivery costs, which corresponds to staff-time, transport costs, and all other materials required for workshop implementation. Included in these costs is staff-time dedicated to the ongoing mentoring of facilitators (in the form of a full day of supervision and training each week throughout implementation), and basic monitoring costs incurred by the implementing partner (eg, attendance lists, facilitator checklists); (3) Overheads, which includes the attributable proportion of office running costs and management support incurred by the NGO over the implementation period. All costs related to the evaluation of the programme that were incurred by the research team are excluded from this analysis.
There are a number of ways in which delivery of the programme during the trial is expected to deviate from delivery at scale. In order to account for the impact of these changes on the cost of the programme, we model the cost of implementation if it were to be delivered at scale in the same context. We modelled costs based on the assumption that the programme would be implemented by the same or a similar NGO, with a similar staffing structure, but delivered to 1000 families in 60 groups (compared with the 20 groups and 270 families included in the trial) in three 14-week waves over the course of 1 year. This differs substantially from implementation during the trial which employed staff for up to 6 months to support one wave of delivery. This means that staffing and overhead costs would be divided across delivery to a larger number of families. Training would be a fixed cost, delivered once at the beginning of the year, and the remaining weeks of the year would be dedicated to participant recruitment and community liaison between rounds. Physical goods can be shared across waves (with an assumed replacement rate of 15%). Other material costs are mostly composed of transport and food for participants, so costs increase proportional to the number of families receiving the programme.
In order to account for uncertainty in scaling assumptions, we also present our costing results assuming a more conservative estimate of costs at scale (total modelled costs plus 50%). Finally, after consultation with the implementing NGO, we also estimated costs using a 'lean model' of programme delivery. In this scenario, three costly components of implementation that encourage attendance (transport, a full meal for all participants and home visits to update families that are unable to attend a session) are omitted from the delivery model, based on our finding that participation and implementation characteristics were not key determinants of programme effectiveness. 33 Full descriptions of the assumptions made when modelling costs at scale are included in online supplementary table 1.
All costs were incurred in South African Rand and were converted to US dollars using the OECD average annual exchange rate for the year of programme implementation, 2015. 34 All costs presented, including models of costs at scale, therefore reflect 2015 prices.
Programme outcomes
The primary outcome of the trial, reduction in incidence of reported abuse in the past month, was used as the measure of cost-effectiveness of the programme. The full results of the trial, including all analysis relating to secondary outcomes, has been published elsewhere. 29 Only physical and emotional abuse were considered for the cost-effectiveness analysis, as the main trial was not appropriately powered to detect changes in the incidence of sexual abuse and neglect due to low report levels at baseline.
Abusive parenting was measured using an adapted version of the International Society for Prevention of Child Abuse and Neglect Child Abuse Screening Tool (ICAST), 35 the ICAST-Trial, completed by both caregiver and the teen. To estimate the effect that the trial had on the number of abusive incidents reported for the past month, thresholds of abuse on the ICAST scale were identified, in line with the definitions used in the UBS OPTIMUS study (which estimated national prevalence levels of abuse in South Africa 11 ). For physical abuse, any reported incident was defined as abuse. However, for emotional abuse, the two scales differ in their classification. The Juvenile Victimization Questionnaire used by OPTIMUS classifies emotional abuse as any incident in which the child was insulted, called names or told they are not wanted which made the child scared or feel really bad. In contrast, ICAST asks about different types of emotional abuse, without linking this to the causation of harm (making the child feel bad), meaning that a single incident of a parent shouting at their child would score a 1 on this subscale. We judged that the two scales are therefore not equivalent and so set a minimum threshold of 3 on the ICAST scale to try and increase sensitivity to true emotional abuse. Alternative thresholds were also tested to check for robustness. In contrast to the full trial results, a composite score of the child and parent report of abuse was used in order to give a single point estimate, similar to measurement conventions in research on child delinquency. 36 Analysis of the effectiveness outcomes was conducted in Stata V.14.0. To estimate changes in incidence of past month abuse associated with treatment, a linear probability model using ANCOVA specification was generated, with standard errors clustered at the village level.
Programme cost-effectiveness To estimate the cost-effectiveness, the difference in probability of past-month abuse was converted to an absolute number of incidents of abuse averted for the number of beneficiaries in the treatment group. Dividing the total cost of the programme by this incident rate gives an estimate of the cost per incident of physical or emotional abuse avoided. Based on (1) the best estimates of disability-adjusted life years (DALYs) lost in South Africa due to different forms of child abuse and (2) the best estimate of abuse incidence in South Africa, we were able to transform our primary outcome (incidents of abuse averted) into DALYs averted. A summary of this transformation, which follows a similar approach to Jan et al, 37 is presented in table 1. This allows us to transform our cost-effectiveness ratio into an estimate of cost per DALY averted.
For both estimates of cost-effectiveness, sensitivity analysis was conducted to give a lower and upper bound around the point estimate of cost-effectiveness. This analysis accounted for uncertainty around the effect size by using the 95% CIs and for uncertainty around the costs of programme delivery at scale. Our approach follows the example of Greco et al which allowed for 50% uncertainty around the estimated costs of their programme for the prevention of violence in schools. 38 For cost per DALY gained, we also accounted for uncertainty in the transformation by conducting sensitivity analysis varying the estimate of past-year incidence by ±5% and the estimate of DALYs per case of abuse averted by ±20%.
In the absence of an existing comprehensive framework, to estimate the potential benefits of the programme we first formulated a framework of the possible economic savings associated with the reduction of childhood violence from the societal perspective based on extensive review of the literature. This framework was adapted from approaches previously used to estimate total economic costs of child maltreatment 7 and cost-benefit analysis of similar parenting programmes in HICs. 25 26 We identified three types of direct saving (health service use, social service use and court case costs) and five types of indirect saving (the economic value of DALYs averted, longterm health service use averted, productivity loss averted, costs of delinquency to the criminal system averted, and intergenerational costs averted) that could be attributed to the prevention of abuse. Next, we attempted to determine costs attributable to a single case of physical or emotional abuse in each of these categories.
Due to the limitations of data available for the South African context, we were only able to estimate costs associated with productivity loss, social service use and approximate monetary value of DALYs lost. We were able to estimate the cost of social worker time dedicated to the investigation of child maltreatment using the norms set in Barberton's costing of the Social Care Act, scaled to 2015 wages. 39 Fang et al 12 provide population estimates for the productivity loss and economic value of DALYs lost due to child maltreatment in South Africa. The monetary value associated with DALY losses is estimated by assuming that one DALY is equivalent to the country's GDP per capita (an approach also used by Brown 40 to estimate the global economic value of violence). Here, these values were then scaled using the prevalence estimates from Burton et al 11 to give an approximate average value associated with a case of physical or emotional abuse. The framework and cost calculations for each category are presented in the results section. As these benefits were not measured directly during the trial, the framework and calculated savings remain theoretical.
Patient and public involvement
There was no patient or public involvement in the development or execution of this research study.
resulTs

Cost of implementation during the trial
During the trial, implementation of the 'Sinovuyo Teen' programme for 270 families across 20 villages cost a total BMJ Global Health Table 2 Costs of programme implementation estimated retrospectively for the trial (delivery in one round, to 270 families) and modelled at scale (delivery in three rounds, over 1 year, to up to 1000 families) of US$135 954, or US$504 per family. Staff time during implementation accounted for the majority of the costs (US$79 108, 58%). Initial facilitator training accounted for 5% of the total costs, which includes all of the staff and material costs for the 2 weeks of training required. Preparation, which included community and household visits ahead of implementation, accounted for a further 5% of the total costs. Material costs during the implementation accounted for 25% of the total costs. This breaks down into the cost of transporting staff and family to implementation locations (US$20 056, 15%), providing food for attendees at each session (US$11 779, 9%), and the minimal physical resources required for implementation (printed handouts, flipcharts and a few props; US$1646, 1%). Implementation of home visits to participants who missed sessions required both transport and staff time, accounting for a considerable proportion of the overall programme costs ($29 978, 22%).
Programme implementation at scale
Costs during trial implementation are expected to differ substantially from the delivery costs at scale. As shown in table 2 , we estimate that, using the same implementation strategy, the programme could be delivered to up to 1000 families for US$266 380, or US$266 per family. Savings would be achieved by implementing several rounds of the programme sequentially over the course of the year. Training costs, overhead costs and staff time would be divided across delivery to a greater number of families. While physical materials can be shared between groups throughout the year (therefore representing a once-off investment with an assumed replacement rate of 15%), within the current delivery model transport and food costs vary according to the number of families enrolled.
A more conservative estimate of costs at scale (total modelled cost plus 50%) suggests a cost of US$399 per family, while an estimate of a scenario using lean programme delivery would cost US$146 per family. We expect true programme costs at scale to fall within this range.
Programme effectiveness
Across the 270 families that received the programme, the treatment group experienced a 10% reduction in risk of past-month physical abuse (95% CI 2% to 18%, p=0.01) and 17% reduction in risk of past-month emotional abuse (95% CI 9% to 26%, p<0.01), as measured by improvements in specified ICAST subscales. (We conducted sensitivity analysis of this result to alternate thresholds of emotional abuse. Reducing the threshold for emotional abuse to a score of 2 on the ICAST subscale reduced the effect size to a 13% reduction in risk of past-month emotional abuse (95% CI 4% to 22%, p<0.01). Increasing the threshold for emotional abuse to a score of 4 reduced the effect size to a 8% risk reduction (95% CI −17% to 1%, p=0.092). We continued with our analysis using a threshold of 3 on the ICAST subscale as this best matches the OPTIMUS definition of emotional abuse.) This level of risk reduction equates to 27 incidents of past-month physical abuse, and 47 incidents of past-month emotional abuse, avoided as a result of the programme (95% CI 29 to 118 incidents total), in comparison with families in the control group, who received the comparator handwashing programme.
Cost-effectiveness
The cost per incident of past-month abuse avoided during the trial was US$1862 (95% CI US$4688 to US$1152).
Assuming continued results at scale, the cost per incident of abuse avoided decreases to US$972 (95% CI US$2480 to $610). Table 3 presents the full cost-effectiveness analysis results, including sensitivity analysis. There is a large range in the cost per incident averted, from US$307/incident of abuse averted, assuming the upper bound of the effect size, and the leanest delivery model, to US$4688/ incident of abuse averted taking the lower bound of the effect size and the costs of implementation at trial.
Using the transformation described in table 1, this equates to a cost per DALY averted of US$4952 during the trial (US$3157-12 485 on sensitivity analysis) and US$2645 at scale (US$1296-9938 on sensitivity analysis), as presented in online supplementary file 1.
estimating costs saved through programme benefits Our suggested framework to summarise the potential economic benefits associated with averting abuse in South Africa is presented in table 4. Given the population-level economic value of violence for South Africa presented by Fang et al 12 and prevalence rates presented by Burton et al, 11 we calculated that the value of lost DALYs for each case of childhood physical and emotional abuse averted is US$1682 and US$1979, respectively. Similarly, data from Fang et al were used to calculate the average loss in productivity attributable to each case (US$408 and US$322). We were also able to calculate the cost of social worker time to investigate a single case given the expected norms presented by Barberton 39 as US$533. However, we were unable to identify reliable data sources for any other components of the framework. This gives us a conservative estimate of saving per case averted of US$2644 for physical abuse and US$2804 for emotional abuse. As we were unable to source data to estimate costs saved across the other categories in our framework, and have not considered any of the secondary outcomes of Sinovuyo Teen, full cost-benefit analysis of the programme is not possible at this stage. As a result, our estimates of costs averted is conservative and likely to underestimate the true value of benefits generated by the programme. dIsCussIon This is the first study to fully explore the cost of implementing a parenting programme in a LMIC. The running cost of US$504 per family is a fraction of the cost of similar programmes in HICs 41 42 and is lower but comparable with the cost of similar parenting programmes in Thailand and Liberia (US$650-900 per family). Implementation of the programme for 270 families resulted in an estimated 73 incidents of physical or emotional abuse being averted, at a cost of incident averted of US$1862, or cost per DALY averted of US$4952.
While there are few available comparisons for the cost-effectiveness of this study, this programme was implemented at slightly lower cost per DALY than a similar South African programme to prevent intimate partner violence (US$9646 per DALY during trial implementation, in 2015 US dollars). 37 Additionally, the programme performs favourably against the WHO general cost-effectiveness threshold, which suggests a cost-effective programme should achieve a cost of intervention per DALY averted of less than three times the country's annual GDP per capita (2015 GDP per capita for South Africa was US$5746).
Modelling the costs at scale demonstrate that it may be possible to deliver the programme for as little as US$146 per family. Assuming effectiveness at scale is BMJ Global Health 
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Further research is required to estimate costs when the programme is implemented by different agencies in these different contexts. For example, costs such as local facilitator salaries are likely to be lower in some of these countries than in South Africa, but additional security costs will arise in conflict settings. Additionally, some implementing agencies have not provided transport, food and home visits for participants suggesting the lean model of delivery costs at scale is achievable. Further research will be needed to establish how these implementation changes may affect attendance, acceptability and effectiveness of the programme, particularly for highly disadvantaged families. 33 Future research will also need to investigate whether programme impact can be sustained over the long term, beyond the period of 5-9 months covered in the trial.
It should be highlighted that, in addition to a reduction in abuse, trial results showed that the programme was also associated with improvements across a number of secondary outcomes, including a substantial drop in caregiver depression and both caregiver and adolescent substance abuse. 33 Estimating the cost-effectiveness of benefits of the programme in relation to these outcomes was beyond the scope of this work. However, as each of these outcomes also represent substantial costs to society, 43 44 it is possible that we are presenting an underestimate of the true cost-effectiveness of the programme.
Similarly, we have made no attempt here to estimate any spillover effects of the programme. While only one caregiver and one teen attended the programme (and were interviewed), there are multiple children in the majority of families (adolescents share the house with an average of 2.7 other under 18-year-olds). If the caregiver has reduced abusive practices with one child, it is likely they will also change their behaviour with any other children in the household, meaning more incidents of abuse may have been avoided than we have recorded. Qualitative evidence in the pilot stage in fact indicated that there was spillover of the programme throughout members of the community. 31 Again, this suggests that we are likely underestimating the true cost-effectiveness of the programme.
It is not possible to say whether these results from the rural Eastern Cape of South Africa, from a population where the burden of maltreatment is particularly high, will translate into other settings. Full prospective cost-benefit analysis, including all outcomes, could be conducted alongside scale-up of the programme to capture actual costs at scale and to estimate if and when the programme becomes truly cost saving.
ConClusIon
The global costs of child abuse and its consequences are high. There is evidence that the prevalence of child abuse may be highest in LMICs, 9 yet the vast majority of research into the prevention of child maltreatment takes place in HICs. There have been several international calls to action to correct this imbalance. Parenting programmes are one method to effectively prevent abuse, yet little is known about their costs and their effectiveness in low-resource settings. This analysis demonstrates that a programme may be run at relatively low cost in the rural Eastern Cape, South Africa and can effectively reduce the incidence of abuse. Crucially, it demonstrates the potential for these costs to be offset by savings accrued through the prevention of abuse. Despite the limitations of this analysis, it is an important first insight into the potential economic impact of effectively preventing abuse in this context.
